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(54) Method for water-cooling slabs and cooling water vessel 



(57) A method for water-cooling slabs by dipping 
and a water vessel used for said method. Slabs cooled 
by this method yield steel sheets with a minimum of 
scabs and uneven gloss. Slabs are dipped in water such 
a way that their larger faces are the upside and under- 
side thereof. Dipping is accompanied by water injection 
(at a flow rate of 10-150 Um^ • min) toward the under- 
side of slabs. The direction of waiter injection is perpen- 



dicular or oblique to the underside of the slabs. The 
position of water injection is 30-500 mm away from the 
underside of the slat>s. In the case of water-cooling Cr- 
containing slabs (Cr 5-30 wt%), the slabs are condi- 
tioned such that their surface temperature is 500*^0 or 
above before dipping and the dipping lasts until the sur- 
face temperature decreases to AOO^'C or below. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention: 

[0001] The present invention relates to a method for water-cooling slabs and, more particularly, to a method for cool- 
ing slabs by dipping in water while they are still at a high temperature after continuous casting. The present invention 
relates also to an apparatus suitable for this method. 

10 

2. Description of the Related Art: 

[0002] It is common practice In steel production that refined molten steel with a desired composition is made into slabs 
by continuous casting or Ingot making and subsequently they are made into steel products of desired shape by hot roli- 
15 ing or cold rolling. Slabs are sometimes cooled in water while they are still hot after solidification. This cooling is 
intended to avoid transformation which would otherwise aggravate the surface and internal quality of steel products and 
also to avoid undesirable precipitation. 

[0003] A problem that arises when continuously cast stainless steel slabs are allowed to cool spontaneously is that 
alloying elements (such as chromium) In the steel combines with carbon to form carbides which selectively precipitate 
20 at grain boundaries, thereby forming a chromium-deficient layer in the vicinity of precipitates. The result of rolling such 
slabs containing an uneven composition, particularly in the case where hot rolling is followed by cold rolling, is surface 
defects such as irregular gloss. 

[0004] In addition, continuously cast slabs are subject to cyclic surface irregularities (oscillation marks) due to vertical 
oscillation of the mold. Such surface irregularities have troughs in which nickel segregates. This leads to grain-like 

25 defects after rolling and pickling. 

[0005] In order to address the atx)ve-mentioned problem, the present inventors had previously proposed a process 
for producing stainless steel slabs (Japanese Patent Laid-open No. 87054/1994) and a process for refining stainless 
steel slabs (Japanese Patent Laid-open No. 266416/1992). The former is characterized by cooling cast slabs continu- 
ously at a cooling rate higher than prescribed. The latter is characterized by cooling cast slabs continuously (with the 

30 surface temperature kept higher than 400°C), performing shot blasting, heating to 1 100**C and above, and removing 
scale from slabs. The present inventors had also proposed an apparatus for cooling hot slabs in water (Japanese Patent 
Laid-open No. 100609/1995). 

[0006] The processes and apparatus mentioned above, however, were found to cause surface defects (such as une- 
ven gloss and scab) when applied to the production of stainless steel sheet from continuously cast stainless steel slabs 
35 by hot rolling and cold rolling. 

SUMMARY OF THE INVENTION 

[0007] The present invention was conpleted in order to address these problems which have never been anticipated 
40 in the conventional technology Accordingly, it Is an object of the present invention to provide a method for cooling slat^ 
such that cooled slabs can be made, by cold rolling, into steel sheets having a minimum of partial gloss variation and 
scat)s. It is another object of the present invention to provide a cooling water vessel suitable for such cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0008] 

Fig. 1 is a schematic diagram showing the construction of the cooling water vessel pertaining to one example of the 
present invention. 

so F\Q. 2 is a schematic sectional view showing the construction of the water injector in the cooling water vessel per- 
taining to one example of the present invention. 

Fig. 3 is a schematic sectional view showing the construction of the water injector in the cooling water vessel per- 
taining to another example of the present invention. 

Rg. 4 is a schematic sectional view showing an example of slab supports in the cooling water vessel of the present 
55 invention. 

Rg. 5 is a schematic sectional view showing another example of slab supports in the cooling water vessel of the 
present invention. 

Rg. 6 is a graphical representation showing how a slab changes in surface temperature when it is dipped in water 
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and pulled up from water in the course of cooling. 

Fig. 7 is a schematic diagram showing the position of the typical cross section at which the temperature distribution 

due to heat conduction is calculated. . 

Fig. 8 is a diagram defining a ratio of warpage of a slab. 

5 

DETAILED DESCRIPTIQN OF THE PREFERRED EMBODIMENTS 

[0009] To solve the above-mentioned problems, careful and detailed researches were conducted on the cause for sur- 
face defects thdt partly occur on stainless steel thin sheets produced by hot rolling and cold rolling from slabs treated 

10 by either the processes disclosed in Japanese Patent Laid-open Nos. 87054/1994 and 26641 6/1 992 given above. The 
results of the researches revealed that surface defects (such as partial gloss variation and scabs) occur more or less 
regardless of the process (1 ) water cooling alone or (2) water cooling followed by shot blasting. This suggests the pres- 
ence of other causes than shot blasting for surface defects (such as partial gloss variation and scabs). 
[0010] Supplementary researches were also conducted on where surface defects occur most on a slab. It was found 

15 that no surface defects occur at all on the upside of a slab. It is conjectured that surface defects occur in the course of 
either continuous casting or water cooling. 

[001 1 ] Investigations were carried out into how surface defects occur on cold-rolled steel sheets produced by hot roll- 
ing and cold roiling from continuously cast slabs which have been reversed prior to water cooling. The results revealed 
that surface defects occur only on the underside of the reversed slab. A probable reason for this is that surface defects 

20 on steel sheets are due to water cooling. 

[0012] The above-mentioned findings suggest that when slabs are cooled with water the underside is not cooled suf- 
ficiently or uniformly. Attempts were made to address this problem. A first one is intended to enhance and improve the 
cooling of the underside when slabs are cooled in water according to the process disclosed in Japanese Patent Laid- 
open No. 147468/1980. This process consists of dipping hot slabs in a coolant, while injecting a pressurized gas from 

25 below toward the underside of the slab, thereby accomplishing cooling. This process is originally intended to decrease 
noise and warpage resulting from cooling. It was found in actual test that this process is effective to some. extent in 
decreasing noise and warpage but is not effective in preventing surface defects on cold-rolled steel sheets. 
[001 3] Detailed researches were conducted on the relation between the surface state of slabs (after cooling) and the 
occurrence of dechromized layer, and also on the relation between the dechromized layer and the position where sur- 

30 face defects occur on steel sheets produced from said slabs by hot rolling and cold rolling. It was found that chromium 
carbide precipitates largely and dechromized layers develop in dents on slabs or deep oscillation marks and that sur- 
face defects occur on those parts of steel sheet which con-espond to dechromized layers. 

[0014] The above-mentioned findings suggest that surface defects result from Insufficient cooling due to incomplete 
heat conduction from slabs to water. This incomplete heat conduction occurs because steam bubbles and steam films 
35 (due to cooling) are held up in dents on slab surface or deep oscillation marks and they are not removed by the stirring 
action of pressurized gas being Injected. There Is even a case in which injected gas itself stays under slabs to prevent 
heat conduction. 

[0015] The foregoing discussion led to an idea of injecting cooling water toward the uriderside of slabs such that water 
flows in the cooling water vessel, thereby removing steam film and forcefully cooling the underside of slabs. The present 

40 invention is based on this idea. 

[0016] The first aspect of the present invention is an improved method for water-cooling slabs by dipping them In 
water, wherein said Improvement comprises dipping each slab such that its larger faces are the upside and underside 
and injecting water toward the underside of each slab such that water flows. Water Injection should preferably be carried 
out at a flow rate of 10-150 Uvri^ • min per unit area of the underside of the slab. Moreover, water injection should pref- 

45 erably be carried out perpendicularly or obliquely to the underside of the slab from a position 30-500 mm away from the 
underside of the slab. 

[0017] In the case where the above-mentioned method is applied to continuously cast slabs containing Cr 5-30 wt% 
which are particularly subject to surface defects, it is desirable to heat them such that their surface temperature exceeds 
500°C and to cool them such that their surface temperature decreases below 400°C by dipping them in water by the 
50 above-mentioned method. The duration of dipping in water should be such that when the Cr-containing slabs are pulled 
up from water and allowed to stand, the maximum temperature due to restored heat does not exceed 400*^0 in the sur- 
face layer within 1% of the slab thickness. 

[001 8] The second aspect of the present invention is a method for reducing defects in Cr-containing slabs which com- 
prises water-cooling Cr-containing slabs by the above-mentioned method, and subsequently performing blasting on 
55 said Cr-containing slabs whose warpage ratio is smaller than 3 mm/m which is defined by the amount of warp of slab 
(mm) divided by the length of slab (m). 

[0019] The third aspect of the present invention is a cooling water vessel in which slabs are dipped for cooling, said 
vessel comprising slab supports which support slabs therein such that their larger faces are the upside and underside 
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and a means to inject water toward the underside of the slab supported by said slab supports. The water injector. should 
preferably be positioned perpendicularly or obliquely to the underside of the slab and 30-500 mm away from the under- 
side of the slab. 

[0020] The present invention is applied to slabs or blooms as steel stocks to be fabricated into final products by rolling 
5 and forging. They may have a shape which permits steam films to stay on the underside thereof. To be concrete, they 
may assume a flat rectangular parallelepiped. Although the present invention was motivated directly by defects in stain- 
less steel which result from uneven precipitation of caibides and its concomitant dechrdmized layer in continuously cast 
stainless steel slabs, it can be applied to any kind of steel if troubles involved in qual'rty occur when the underside of the 
slab is cooled in water unevenly or insufficiently Needless to say the present invention may be appiied4o slabspro- 
10 duced by pressure casting process or slabs obtained from ingots by blooming. 

[0021 ] The present invention requires that slabs be cooled by dipping in water. This way of cooling with a large amount 
of water is by far more effective than spray cooling. In addition, the present invention requires that slabs be dipped in 
water such that the larger faces of the slab are the upside and underside. The larger faces mean those faces which are 
the largest in surface area among the faces surrounding a slab. They are opposing two faces across the slab thickness. 
15 It is easily conjectured that it would be possible to prevent steam film from staying on the underside of a slab if a slab is 
dipped vertically in water. However, dipping slabs vertically in water needs an apparatus to stand up slabs (which leads 
to additional cost) because it is common practice to convey continuously cast slabs or rolled slabs almost horizontally 
with their larger faces lying. 

[0022] Positioning slabs such that the larger faces of slabs are the upside and underside does not necessarily mean 
so that the slab's larger faces are exactly perpendicular to the vertical direction. Holding slatjs slightly aslant is rather desir- 
able in order to efficiently wash out steam from the underside of the slab in view of the spirit of the present invention. 
However, the angle of inclination should be small enough for slabs to be handled conveniently by a crane or tongue. 
[0023] What is most important in the present invention is that water should be injected toward the underside of the 
slab dipped in water in such a way that water flows. Water injection is intended to wash away gas (steam) bubbles and 
25 films staying on or sticking to the underside of the slab by means of the momentum of injected water, thereby bringing 
about heat conduction through direct contact between the slab and water and simultaneously increasing the coefficient 
of heat transfer due to turbulence. 

[0024] It is particularly important to note that water cooling does not necessarily take place uniformly That is. even in 
the case where cooling water is supplied at an average flow rate high enough for the slab surface to be kept at a tem- 
30 perature lower than lOO'^C, there exist those parts where water flow is slow locally due to surface in-egularities on the 
slab. In these parts, the surtece temperature of slabs exceeds 100°C, causing water to boil and generating steam bub- 
bles. 

[0025] It is important from this point of view that the amount of water to be injected should be large enough and water 
should be injected from the position close to the underside of the slab. However, the cooling effect levels off when the 
35 amount of water to be Injected exceeds a certain limit because the resistance of heat transfer within a slab becomes 
relatively larger than that between a slab and water (and hence cooling is limited by heat conduction and transfer within 
a slab). 

[0026] The results of experiments with slabs of various size revealed that the amount of water for injection should pref- 
erably be 10-150 L/m^ • min per unit area of the underside of the slab. If the water amount Is less than specKied above. 
40 uneven cooling would occur in continuously cast slabs having deep oscillation marks or in slabs lacking flatness in the 
larger faces. If the water amount is more than specified above, cost for pumps and pipes increases without additional 
cooling effect. 

[0027] The direction of water injection may be parallel to the underside of the slab or perpendicular or oblique to the 
underside of the slab. However, the latter is desirable so as to bring about high turbulence on the underside of the slab, 

45 thereby achieving effective cooling and bubble removal. 

[0028] The position of water injection should be adequately close to the underside of the slab so that the injected 
water does not decrease in speed before it reaches the underside of the slab. The greater the linear speed of water, the 
better the effect of washing away bubbles and cooling the slab. If the distance between them is too small, the pressure 
loss of water being injected increases because the injected water is thrown back from the underside of the slab. This 

so greatly Increases loads on the pump and pipe. As in the case of increasing the amount of cooling water, the effect pro- 
duced by reducing the distance levels off because the resistance of heat transfer within a slab becomes relatively larger 
than that between a slab and water (and hence cooling is limited by heat conduction and transfer within a slab). With 
these factors taken into account, the distance between the position of water injection and the underside of the slab 
should preferably be 30-500 mm. With a distance smaller than 30 mm. the cooling effect levels off while loads on facil- 

ss ities increase uselessly. On the other hand, increasing the distance between the position of water Injection and the 
underside of the slab decreases the flow rate of water reaching the underside of the slab and requires a deep water 
vessel (which leads to a high installation cost). With a distance greater than 500 mm, uneven cooling would occur in 
continuously cast slabs having deep oscillation marks or in slabs lacking flatness in the larger faces. 
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[0029] The above-mentioned cooling method is applied to Cr-containing slabs in the following manner. They are con- 
tinuously cast slabs containing Cr 5-30 wt% which are subject to surface defects at the time of rolling into steel sheets. 
These surface defects arise from c^romiuni carbides which precipitate during cooling. The present invention can be 
applied to slabs formed by continuous casting process of any type (including vertical type, vertical bent type, totally bent 

5 type, and horizontal type). 

[0030] The present invention requires that the Cr-containing slabs should have a surface temperature higher than 
500**C prior to water cooling. Failure to meet this requirement permits chromium carbide precipitates to remain appre- 
ciably on the surface of slabs, and they lead to surface defects on rolled sheets even though water cooling is carried out 
according to the present invention. To meet this requirement the procedure explained below should be followed. 

10 [0031 ] In continuous casting, molten steel is first poured into an open-ended mold with internal water cooling. With its 
outer layers solidified, the molten steel is continuously pulled out by a series of guide rolls, during which it is sprayed 
with cold water for complete solidification throughout. (This step is called secondary cooling.) The resulting continuous 
block of steel is cut into length by a flame of oxygen-gas mixture. (This step is called torch cutting.) The way of second- 
ary cooling affects the surface temperature of slabs after torch cutting. In addition, natural cooling changes the surface 

15 temperature of slabs with time after torch cutting. Therefore, it is desirable to control the conditions of secondary cool- 
ing, the rate of casting, and the lapse time from torch cutting to water dipping, so that slabs have a surface temperature 
higher than SOC'C before water cooling. 

[0032] Slabs wrth their surface tennperature adjusted higher than SOO^^C are then dipped in water and cooled until their 
surface temperature decreases below 400*»C by the cooling method specified in the present invention as mentioned 

20 above. Cooling by dipping in water rapidly lowers the high temperature (above SOO^'C at which chromium carbide does 
not precipitate on the surface of slabs) to the low temperature (below 400**C at which chromium carbide does not pre- 
cipitate at grain boundaries). In this way it is possible to avoid the precipitation of chromium carbide at grain boundaries. 
This cooling may be carried out to such an extent that the temperature at the core of slabs decreases below 400**C. 
Such prolonged cooling, however, detrimental to productivity. 

25 [0033] For improved productivity, it is necessary to shorten the duration of water dipping. This can be achieved if the 
slabs are taken out of water in the middle way of dipping and then subjected to post-treatment. A slab being cooled in 
water usually has a temperature profile such that the surface is low and the inside is high. When a slab having such a 
temperature profile is allowed to stand in the air. heat escapes spontaneously into the air and. at the same time, heat 
moves from the high-temperature inside to the low-temperature surface. As the result, the surface temperature of slabs 

30 rises until it reaches a peak, after which it lowers slowly This is the phenomenon of heat restoration. In the case of Cr- 
containing slabs (Cr 5-30 virt%) which are taken out of water in the course of cooling. It is possible to avoid the precipi- 
tation of chromium carbides unless the peak temperature (due to heat restoration) exceeds 400°C. 
[0034] It was found that surface defects that occur in the rolled sheets produced from Cr-containing slabs result from 
precipitates or anomalous structure in the outermost layer (within 1% of the slab thickness). Therefore, if It is possible 

35 to avoid precipitation of chromium carbides at least in this region, then it would also be possible to avoid the occurrence 
of surface defects due to precipitation of chromium carbides. Based on this idea, the present invention specifies the 
cooling procedure as follows. That is. the duration of water dipping for Cr-containing slabs (Cr 5-30 wt%) should be such 
that when the slabs are taken out of water and allowed to stand in the air, the maximum temperature due to heat resto- 
ration does no exceed 400°C in the surface layer within 1% of the slab thickness. Fig. 6 schematically shows how the 

40 duration of water cooling affects the surface temperature of slabs due to heat restoration. Case 1 represents insufficient 
water cooling, which leads to a surface temperature (due to heat restoration) exceeding 400°C. Case 2 represents ade- 
quate water cooling, which leads to a surface temperature (due to heat restoration) lower than 400**C. 
[0035] The temperature distribution in a slab cannot be okrtained easily by actual measurement; however, it may be 
estimated by calculations of heat transmission. Three-dimensional calculations are ideal, but two-dimensional calcula- 

45 tions are easy and practical which are performed on heat transmission along the typical cross section at the center in 
the lengthwise direction of the slab, as shown in Fig. 7. This is because the maximum temperature due to heat restora- 
tion appears at the center In the lengthwise direction of the slab, where there is almost no heat transmission in the 
lengthwise direction. In calculations, it is assumed for the initial condition that the slab before water dipping has an inter- 
nal temperature equal to a surface temperature. The boundary condition for water dipping is derived from the coefficient 

so of heat transfer due to forced convection which varies depending on the flow rate of water. For calculations of heat trans- 
mission after removal from water, the coefficient of heat transmission due to natural convection in the air is used. These 
numerical calculations permit one to estimate the temperature distribution in the slab that changes during and after 
water dipping. In this way it is possible to estimate the heat history in the surface layer within 1% of the slab thickness. 
[0036] Those slabs which have been cooled by dipping in water for a prescribed length of time are immune to precip- 

55 itation of chromium carbides under the surface layer. In other words, they are free from the dechromized phase respon- 
sible for surface defects. Consequently, such slabs yield steel sheets having very few surface defects. This is not the 
case if the slabs have non-metal inclusions trapped under their surface layer or have components segregated in troughs 
of oscillation marks. 
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[0037] To avoid these troubles, the present invention requires that the water-cooled Cr-containing slabs undergo blast- 
ing prior to heating for hot rolling. The best way to remove inclusions and segregation in the surface layer (which are 
responsible for surface defects) is to form thick oxide scale in the heating stage prior to hot rolling and remove it together 
with Inclusions etc. This procedure, however, is not applicable to Cr-contaihing ste^l which forms a dense chromium 

5 oxide film on the surface of the slab, thereby preventing the diffusion of oxygen and the sufficient development of scale. 
[0038] The present applicant found that it is possible to promote the diffusion of oxygen and the development of thick 
scale if the surface of the slab undergoes blasting which introduces minute strains. (See Japanese Patent Laid-open 
No, 98346/1993.) it Is Important that before introduction of such minute strains, the upside and underside of the slab 
should have the same amount of strain. If the upside and underside of the slab undergo cooling unevenly at the tirpe of 

10 water dipping, they will differ in resistance to deformation and hence they will differ in the amount of strains to be intro- 
duced by blasting and also in the amount of descaling by blasting. 

[0039] The present invention is designed to permit the upside and underside of a slab to cool evenly by injecting water 
toward the underside of a slab such that water flows when a slab is dipped In water for its cooling. Nevertheless, exactly 
even cooling does not take place. According to the present invention, how evenly the upside and underside of a slab 
IS are cooled is evaluated in terms of the ratio of warpage which Is defined below as shown in Fig. 8. 

Ratio of warpage (h/L) = [Amount of warp (h mm)]/[Ljength of slab (L m)] 

[0040] It was found that If the ratio of slab warpage is smaller than 3 mm/m, then there is substantially no difference 
20 In the amount of strain to be introduced by blasting between the upside and underside of a slab. This leads to uniform 
descaling from the upside and underside of a slab in its heating or rolling process. 

[0041 ] Incidentally, a prefen-ed way of blasting is by shot blasting (by which a large number of spherical or odd-shaped 
hard particles are thrown at a high speed against an object to be treated), as disclosed in Japanese Patent Laid-open 
No. 98346/1993. Grit blasting is also acceptable (which is similar to shot blasting, with hard particles replaced by 
25 approximately spherical particles obtained by cutting a wire). Any hard particles will do regardless of their kind and 
shape. 

[0042] According to the present Invention, the cooling of slabs Is carried out by using the cooling water vessel, which 
is explained below with reference to Figs. 1 and 2. The cooling water vessel 1 Is designed to cool slabs by dipping 
therein. It Is comprised of a series of supports 2 and a series of water injectors 3. The supports 2 hold slabs horizontally. 

30 The water injectors 3 inject water toward the underside of slabs 4 held by the supports 2. 

[0043] This cooling water vessel should preferably have an open top through which slab come in and go out, as dis- 
closed In Japanese Patent Laid-open No. 253807/1996 and 100609/1995. Such construction permits slabs to be 
dipped in water as they are delivered from the continuous casting facility or blooming mill without the necessity of 
changing their attitude. Except for this, the cooling water vessel is not specifically restricted in its configuration. For good 

35 productivity, the vessel should preferably be large enough to accommodate a plurality of slabs at one time. 

[0044] The supports 2 are not specifically restricted in their structure so long as they support slabs 4 horizontally (with 
their larger faces being the upside and underside) and they support slabs 4 such that their underside is a certain dis- 
tance away from the bottom of the vessel and there is a space for the water Injector 3 to be installed therein and also 
there is a space for drainage (for injected water) to be installed therein. For example, the vessel 1 may be provided with 

40 rails at its bottom. Alternatively, the vessel 1 may have steel strips 2d welded to its bottom (as shown in Fig. 1) or may 
have protrusions on its bottom. Another way of supporting slabs is shown in Figs. 4 and 5 (with the water injectors omit- 
ted). In Fig. 4, the support 2a is attached to the side wall 1a of the vessel. In Fig. 5, the support 2b Is suspended from 
the upper end of the side wall 1a of the vessel. Many other modifications may be possible without departing from the 
spirit of the present invention. 

45 [0045] The water injectors 3 are Installed so as to inject water toward the underside of the slab 4 held by the slab 
support 2 in such a way that water flows. Examples of the water Injector are shown in Figs. 2 and 3. The water injector 
3 is comprised of nozzles 3a (through which water is injected toward the underside of the slab 4), water feed pipes 3b 
(through which water is supplied to the nozzles 3a), and pipe supports 3c (to support the water feed pipes 3b). Cooling 
water supplied from the water feed pipe 3b is injected toward the underside of the slab 4. The injecting nozzle 3a is not 

so specifically restricted in its construction. Preferred examples include submerged nozzles, slit-type nozzles (which inject 
water in flat form), simple openings In the wall of the feed water pipe, and openings in the side wall of the water vessel. 
Any other modifications are conceivable. The water feed pipe 3b is supported by the pipe support 3c. 
[0046] The direction of water Injection may be either parallel or perpendicular (or oblique) to tiie underside of the slab. 
The latter is preferable because of high cooling effect (due to turbulence) and bubble removing effect. Perpendicular 

55 injection Is shown In Rg. 2. and oblique injection is shown in Fig. 3. 

[0047] The position of water injection should preferably be 30-500 mm away from the underside of the slab for the 
reasons mentioned above. In the case of Fig. 3, the distance should be measured along the neutral axis of water Injec- 
tion. 
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Example* 1 

[0043] This example demonstrates the effect of water cooling in a water cooling vessel (10 m long. 10m wide, con- 
taining water 1,2 m deep) schematically shown in Figs. 1 and 2. In this water cooling vessel were dipped ten SUS304 

5 Stainless steel slabs at one time which had just been continuously cast and torch>cut. Each slab measures 200 mm 
thick, 9.0 m long, and 65p-1600 mm wide, arwj has a surface temperature of 850**C. The slabs were held such that their 
larger faces were approximately horizontal. During dipping, water was injected from the water injector 3 toward the 
underside of the slabs such that water flowed. The water injector 3 was 130 mm away from the underside of the slab, 
and the flow rafe of injected water was 50 L/m^ • min. This water cooling vessel is large enough to accommodate a plu- 

10 rality of slabs in consideration of cooling time and productivity. Incidentally, the vessel has a plurality of slab supports 2 
welded to its bottom. Each slab support is a narrow strip of 20 mm thick steel plate, positioned with its width upright. 
These slab supports keep the underside of the slabs 4 away from the bottom of the vessel. 

[0049] The slabs were dipped in water until their central temperature decreases to 40D°C or below, and then pulled 
up from the vessel and heated in a slab heating furnace. The slabs underwent hot rolling and cold rolling to be made 
15 into 1 .0 mm thick stainless steel sheet, which finally underwent finishing by bright annealing final annealing or final 
annealing only. The thus obtained stainless steel sheet was examined for surface state. It was found to be free of scabs 
and uneven gloss on both sides thereof. 

Example 2 

20 

[0050] This example demonstrates the effect of water cooling by using the same cooling water vessel as in Example 
1 (schematically shown in Figs. 1 and 2) and SUS304 stainless steel slabs (200 mm thick, 9.0 m long, and 650-1600 
mm wide, with a surface temperature of 850°C) which had just been continuously cast and torch-cut. The slabs were 
dipped in water, with their larger faces held horizontal. After dipping for 20 minutes, the slabs were pulled up from water. 

25 Incidentally, water injection was carried out in the same way as in Example 1 . 

[0051] Calculations for two-dimensional heat transfer were carried out so as to predict the temperature change that 
would occur in the surface layer within 1% of the slab thickness after the slabs had been pulled up from water. It turned 
out that the duration of water dipping should be longer than 15 minutes If the maximum temperature due to heat resto- 
ration is to be 400**C or below. In this example, therefore, dipping continued for 20 minutes. 

30 [0052] After being pulled up from water, the ten slabs were heated in a heating furnace. They underwent hot rolling 
and cold rolling to be made into 1 .0 mm thick stainless steel sheet, which finally underwent finishing by bright annealing 
+ final annealing or final annealing only. The thus obtained stainless steel sheet was examined for surface state. It was 
found to be free of scabs and uneven gloss on both sides thereof. 

35 Example 3 

[0053] Two stainless steel slabs were cooled in the same manner as in Example 2. They undenn/ent hot rolling and 
cold rolling to be made into a 0.5mm thick stainless steel sheet which was finally underwent finishing by bright anneal- 
ing + final annealing or final annealing only. The thus obtained stainless steel sheet was examined for surface state. It 
40 was found to be free of uneven gloss on both sides thereof;, however, it was found to have scabs, with the ratio of surface 
defect being 0.2% (which is defined as [length of defective part In a coll] divided by [total length of coil] multiplied by 
100%). 

Example 4 

45 

[0054] Two stainless steel slabs were cooled in the same manner as in Exanrple 2. After cooling, they were found to 
have a warpage ratio of 0.2 mm/m. They undenwent shot blasting on both the upside and underside thereof, with parti- 
cles 1 .5 mm in diameter and an initial velocity of 90 m/sec and a blasting density of 600 kg/m^. The treated slabs were 
heated in a heating furnace and the heated slabs underwent hot rolling and cold rolling to be made into a 0.5mm thick 
£0 stainless steel sheet, which finally underwent finishing by bright annealing -f- final annealing or final annealing only. The 
thus obtained stainless steel sheet was examined for surface state. It was found to be free of scabs and uneven gloss. 

Comparative Example 1 

55 [0055] The same procedure as in Example 1 was repeated except that water injection was replaced by compressed 
air injection (at 5 kgf/mm^). The resulting stainless steel sheet was found to have no scabs and uneven gloss on the 
surface thereof which corresponds to the upside of the slab, whereas it was found to have scabs and uneven gloss on 
the surface thereof which con'esponds to the underside of the slab. The ratio of surface defect (as defined above) was 
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1.8%. 

Comparative Example 2 

5 [0056] The same procedure as in Example 1 was repeated except that water injection was omitted. The resulting 
stainless steel sheet was found to have no scabs and uneven gloss on the surface thereof which corresponds to the 
upside of the slab, whereas it was found to have scabs and uneven gloss on the surface thered which corresponds to 
the underside of the slab. The ratio of surface defect (as defined above) was 2.0%. 

10 Effect of the invention: 

[0057] As detailed above, the present Invention is designed to cool sufficiently and evenly the underside of continu- 
ously cast stainless steel slabs during their dipping in water. The cooled slabs yield, after hot rolling and cold rolling, 
stainless steel sheet with a minimum of surface defects. The present Invention is also applicable to steel slabs of any 
75 kind which would cause quality problems when their underside is not cooled sufficiently or uniformly during dipping in 
water. Therefore, the present invention will greatly contribute to the industry. 

Claims 

20 1 - A method for water-cooling slabs by dipping in water, wherein dipping is carried out such that the larger faces of the 
slab are the upside and underside thereof and dipping is accompanied by water injection toward the underside of 
the slab in such a way as to bring about water f bw. 

2. A method for water*cooling slabs as defined in Claim 1 , wherein the water injection is carried out at a flow rate of 
25 1 0-1 50 L/m^ • min with respect to the underside of the slab. 

3. A method for water-cooling slabs as defined in Claim 1 or 2. wherein the water injection Is carried out in the direc- 
tion perpendicular to or oblique to the underside of the slab. 

30 4. A method for water-cooling slabs as defined in Claim 3, wherein the water injection is carried out such that the posi- 
tion of injection is 30-500 mm away from the underside of the slab. 

5- A method for water-cooling slabs as defined in any of Claims 1 to 4, wherein the slab is a continuously cast Cr-con- 
taining slab (Cr 5-30 wt%) having a surface temperature of 500**C or above and the dipping is continued until the 
35 surface temperature of the Cr-containing slab decreases to 400°C or below. 

6. A method for water-cooling slabs as defined in Claim 5, wherein the dipping lasts for such a period that when the 
slab is pulled up from water and allowed to stand, the maximum temperature due to heat restoration does not 
exceed 400''C in the surface layer within 1% of the slab thickness. 

40 

7. A method for producing Cr-containing slabs which have their defects reduced, said method comprising water-cool- 
ing Cr-containing slabs by the method defined in Claim 5 or 6 and performing blasting on said Cr-containing slabs 
which have a warpage ratio smaller than 3 mm/m as defined below. 

45 Warpage ratio = [Amount of warp in slab (mm)] / [Length of slab (m)] 

8. A water vessel used for water-cooling slabs by dipping, which comprises slab supports to support slabs in such a 
way that their larger faces are the upside and underside thereof and water injectors from which water is injected 
toward the underside of the slabs supported by the slab supports. 

so 

9. A water vessel used for water-cooling slabs by dipping as defined in Claim 8. wherein the water injector is installed 
such that the direction of water injection is perpendicular or oblique to the underside of the slab. 

10. A water vessel used for water-cooling stabs by dipping as defined in Claim 9, wherein the water injector is installed 
55 at a position 30-500 mm away from the underside of the slab. 
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